We study the up-down asymmetries in the three-body anti-triplet charmed baryon decays of 
measured with high precision by BELLE and BESIII [1, 2] , which can improve the accuracies of other Λ + c decays, usually given by the rates relative to it [3] . On the other hand, the up-down asymmetries, also known as daughter-baryon spin polarizations, have not been examined both experimentally and theoretically in these three-body modes yet. Due to the rich experimental data in B c → BMM ′ , a systematic study on the up-down asymmetries in these three-body modes is necessary.
However, it is known that the investigation into the charm baryon decays has always been difficult. The main reason for this is that the scale of the charm quark mass is too large for the flavor SU(4) f symmetry, so that the heavy to light quark transitions (c → q)
in charmed decays cannot be easily calculated. Moreover, the factorization method fails in these decays [4] , in addition to that the three-body processes are much more complicated than the two-body ones. The alternative approaches for the charmed hadron decays have been shown in Refs. [5] [6] [7] [8] [9] [10] , where the non-factorizable effects are taken into account. On the other hand, the SU(3) f symmetry has been tested as a useful tool in the charmed hadronic decays [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] .
In order to study B c → B n MM ′ , we assume that the final state configurations of the meson-pairs are dominated by the s-wave ones, so that the three-body system can be treated as an effective two-body problem with an off -shell scalar meson [20] to analogize the threebody semileptonic decays of charmed baryons [21] . Similar to the discussions on the updown asymmetries in the two-body decays of B c → B n M in Ref. [22] , we define the spin dependent decay amplitudes in terms of parity-conserving and violating parts under SU(3) f , respectively, resulting in 12 real parameters to be fitted with 16 available data points. In our study, we also consider the the kinematic correction factors as in Ref. [20] to keep the triangle relations derived in Refs. [14, 20, 23] , but break those by the U-spin symmetry [24] due to the large differences of hadron masses.
This paper is organized as follows. In Sec. II, we give the formalism and display the explicit amplitudes for the three-body charmed baryon decays of B c → B n MM ′ under the SU(3) f symmetry. In Sec. III, we present our numerical results. Our conclusions and discussions are shown in Sec. IV.
II. FORMALISM
In order to study the up-down asymmetries of the three-body B c → B n MM ′ non-leptonic decays, we start with the charm quark transitions of c → sūd, c → udd (uss) and c → dūs at tree-level with the effective Hamiltonian, given by [25] 
with
where G F is the Fermi constant, c ± represent the Wilson coefficients and (V *
c ) correspond to the CKM matrix elements with c c = cos θ c , t c = sin θ c / cos θ c and θ c the Cabibbo angle. Here, the relation of V * cs V us = −V * cd V ud has been used to combine the c → udd (uss) transitions, (
and O 
Consequently, the effective Hamiltonian in Eq. (1) has the expression under SU(3) f , given by [15] [16] [17] [18] [19] 
where (i, j, k) are the flavor indices, while H(6) and H(15) are symmetric and anti-symmetric
in Eq. (3), with their non-zero entries being [11] H(6) ij = c
respectively. The three lowest-lying charmed baryon states of B c form an anti-triplet of3 to consist of (ds − sd)c, (us − su)c and (ud − du)c, and B n and M belong to octet (8) states of the baryon and meson, which are written as
respectively.
In the NDR scheme, the Wilson coefficients of (c − , c + ) are found to be (1.78, 0.76) at the scale of µ = 1 GeV [26] , resulting in that the amplitudes associated with H(15) are suppressed due to the value of (c − /c + ) 2 ≃ 5.5. In addition, the nonfactorizable contributions to the decays from H(15) are zero due to the vanishing baryonic transition matrix elements from 15 [10] , while the factorizable are found to be small in most of the modes [19] . For the three-day decay of B c → B n MM ′ , in this study we only consider the s-wave meson-pair in the final-state configuration, regarded as a off-shell scalar particle inspired. As a result, the spin dependent decay amplitude can be simply written as
where u Bc,n are Dirac spinors of baryons, while A and B correspond to the parity conserving and parity violating processes, which can be represented by SU(3) irreducible amplitudes,
given by
respectively, with T ij = ǫ ijk (B c ) k . We note that since CP violating effects in the charmed decays are negligible, the parameters of a i and b i can be taken to be relatively real [27] , so that there are totally 12 real parameters in the SU(3) f irreducible amplitudes of Eq. (8).
We remark that there are some cases in which the contributions from the s-wave meson-pairs vanish due to the flavor structure and Bose statistics, whereas the p-wave ones are dominant, leading to a different set of spin dependent amplitudes, which will not be discussed in this study. For example, the decay of Λ + c → Λπ + π 0 with the measured branching ratio around 7.1% is predicted mainly from the contribution of the p-wave meson-pair. The explicit
in Tables I, II and III, while those of B(B c → B n MM ′ ) can be found by replacing a i in
The differential decay width dΓ with an unpolarized B c and up-down asymmetry α in
and
respectively, where 
DCS mode At
III. NUMERICAL RESULTS
In the numerical analysis, we perform the minimum χ 2 fit to obtain the values of a i and
The χ 2 fit is given by
where B We now discuss our data input sections in Table IV . First of all, we exclude the resonant contributions for all the data in the table. In particular, we use the non-resonant data of Λ + c → pK − π + from the PDG [3] . In addition, we pick up the data for Λ
For the other Λ + c decays, their resonant contributions can be taken to be small so that they are insensitive to our fitting results, such as B(Λ
For this reason, we choose the total branching ratios as our data points. The value of by BELLE [29] and the ratios of
= 1.07 ± 0.14 and
= 0.029 ± 0.007 in PDG [3] are used to extract the absolute branching ratios of B(Ξ 0 c → Λ 0 K − π + ) and
There are 12 parameters to be extracted with 16 data inputs as shown in Table IV . In Table V , we present the fitting values of a i and b i . The correlation coefficients of i-th and j-th irreducible amplitudes are given by 
In our fit, we find that χ 2 /d.o.f = 9.6/4 = 2.4 with d.o.f representing degree of freedom.
As seen from Table IV , the decay branching ratios are reproduced, which agree well with the data in Refs. [3, [28] [29] [30] [31] accordingly. In Tables VI, VII and VIII, we show our numerical results for the decay branching ratios in Λ
Since (a i , b i ) and (−a i , b i ) give the same results in our χ 2 fitting with SU(3) f , both ± α are solutions which should be determined by experiments or dynamical models. We present the predictions for the up-down asymmetries of α (Λ Tables IX,   X and XI, respectively, by choosing α (Λ
to be negative. One may also Σ + π 0 η 0 6.6 ± 3.4
re-parametrize the real SU(3) irreducible amplitudes with a i and b i in Eq. (8) ) being the same for all modes in the SU(3) f limit. In this case, one more parameter can be reduced by considering the following transformations in a i and b i without changing the branching ratios, given by
which are equivalent to multiply an arbitrary overall phase e iθ in the complex number parametrization, but lose all information about the up-down asymmetries [20] . Note that the fitting results of the branching ratios are slightly different from those in Ref. [20] due to 
pK 0K 0 7.7 ± 1.7
the kinematic κ(m 2 23 ) corrections. The situation also occurs in the semi-leptonic charmed baryon decays, indicating that SU(3) f is highly brokien in kinematics [21] .
We can also calculate the up-down asymmetries for the decays with the final states
with ignoring CP violation. The numerical values for the decay branching ratios and up-down asymmetries are presented in Table XII . It is interesting to note that α (Λ
, respectively, in which the former two modes are dominated by the CF processes, whereas the later two the DCS ones. Clearly, these modes can be used to test the s-wave dominance assumption for the meson-pairs in the decays .
IV. CONCLUSIONS AND DISCUSSIONS
We have studied the up-down asymmetries in the three-body anti-triplet B c → B n MM ′ decays in the approach of the SU(3) f symmetry. In our analysis, we have only concentrated on the s-wave MM ′ -pair contributions, so that the decays only depend on 12 real irreducible 
0.11 ± 0.28 
